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(57) ABSTRACT

A method and a device for recovering hydrogen pulverized
powder ol a raw-material alloy for rare-earth magnets
capable of lowering the possibility that hydrogen pulverized
powder remains 1n a recovery chamber; therefore, enhancing,
magnetic properties by reducing an oxygen content of an
obtained rare-earth magnet. A processing container 50 1s
carried mto a recovery chamber 40 from a processing
chamber after inert gas 1s introduced into the recovery
chamber 40. The raw-material alloy for rare-earth magnets
in the processing container 50 1s discharged into the recov-
ery chamber 40 after the pressure 1n the recovery chamber
40 1s reduced Thereafter, mert gas 1s mtroduced into the
recovery chamber 40, and the raw-material alloy for rare-

carth magnets 1s recovered into the recovery container 50
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alter a pressure 1n the recovery chamber 40 1s set to a
predetermined pressure by inert gas.
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METHOD AND DEVICE FOR RECOVERING
HYDROGEN PULVERIZED POWDER OF
RAW-MATERIAL ALLOY FOR RARE-EARTH
MAGNET

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a Divisional Application of prior
application Ser. No. 13/387,825 filed on Jan. 30, 2012,

which 1s a 371 National stage application of PCT/JP2010/
061522, filed on Jul. 7, 2010, which 1s based upon and
claims the benefit of priority of the prior Japanese Patent
Application No. 2009-179576, filed on Jul. 31, 2009, the
entire contents of each of the above being incorporated
herein by this reference.

TECHNICAL FIELD

The present invention relates to a method and a device for
recovering hydrogen pulverized powder of raw-material
alloys for rare-earth magnets.

BACKGROUND TECHNIQUE

As high-performance rare-earth magnets, two kinds of
magnets, 1.e., a samarium-cobalt-based magnet and a neo-
dymium-iron-boron magnet, are widely used.

Especially, since the neodymium-iron-boron magnet (“R-
T-B-based magnet”, hereinafter) shows the highest magnetic
energy product among various magnets and the price thereof
1s relatively low, this magnet 1s employed for various electric
devices.

The rare-earth magnet 1s produced in the following man-
ner: a raw-material alloy 1s coarsely pulverized and finely
pulverized to form alloy powder, the alloy powder 1s formed
by pressing, and 1t 1s subjected to a sintering step and a
thermal processing step. When the rare-earth magnet 1s
produced, during the process for coarsely pulverizing the
raw-material alloy, since the pulverizing efficiency 1s high,
hydrogen pulverizing operation is frequently used.

The hydrogen pulverizing operation i1s a technique in
which hydrogen 1s stored in a raw-material alloy to make it
brittle, thereby pulverizing the raw-matenial alloy. This
operation 1s carried out by doing the steps.

First, an alloy which 1s a raw material 1s nserted into a
hydrogen furnace and then, an interior of the hydrogen
furnace 1s decompressed by evacuation (vacuuming). There-
alter, hydrogen gas 1s supplied into the hydrogen furnace and
the raw-material alloy 1s made to store hydrogen (hydrogen
storing step). After a predetermined amount of time has
clapsed, the raw-material alloy 1s heated (heating step) while
evacuating the interior of the hydrogen furnace, and hydro-
gen 1s discharged from the raw-material alloy. Thereafter,
the raw-material alloy 1s cooled (cooling step) and the
hydrogen pulverizing operation 1s completed. Accordingly,
the raw-material alloy 1s made brittle and coarsely pulver-
1zed powder 1s obtained.

The coarsely pulverized powder after the hydrogen pul-
verizing operation 1s pulverized into fine pulverized powder
of a few um.

A rare-earth element itself 1s an active element, and 1 the
rare-carth element touches atmosphere, 1t 1s oxidized. There-
fore, in the case of a magnet using the rare-earth element, an
antioxidant operation in respective producing steps 1s ellec-
tive for enhancing magnetic properties. Thus, antioxidant
measures are employed 1n the steps.
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For example, there 1s a technique (patent document 1) 1n
which fine pulverized powder after a fine pulverizing opera-
tion 1s put directly into mineral o1l and then, the pulverized
powder 1s formed, thereby lowering oxygen in sintered
compact. Also, there 1s a technique (patent document 2) 1n
which liquid lubricant 1s added to fine pulverized powder
alter a fine pulverizing operation such that surfaces of the
particles are covered, thereby preventing oxidation of the
fine pulverized powder. These methods propose to lower the
oxygen content of fine pulverized powder.

In a step of producing a rare-carth magnet, even coarsely
pulverized powder of a raw-material alloy for rare-earth
magnets having relatively large particles, 1t 1s known that 1t
the coarsely pulverized powder touches atmosphere during
steps, oxidation abruptly proceeds and oxygen content 1s
increased and magnetic properties of a finally obtained
sintered magnet are deteriorated.

As a method of obtaining a raw-material alloy before a
rare-earth magnet 1s coarsely pulverized, a strip casting
method, which 1s one of quenching methods, 1s currently
used frequently because a sintered magnet having high
magnetic properties can be obtained 1n the end. As another
quenching method, a centrifugal casting method 1s proposed.

A thickness of a raw-material alloy for rare-earth magnets
produced by the quenching method 1s in a range of 0.03 mm
or more and 10 mm or less. A thickness of the raw-material
alloy for rare-earth magnets produced by the strip casting
method 1s 1 mm or less.

Since a raw-material alloy produced by the quenching
method 1s cooled within a relatively short amount of time as
compared with a raw-matenial alloy produced by a conven-
tional 1ngot casting method (mold casting method), the
structure 1s miniaturized and a crystal grain size 1s small. A
total area of a grain boundary 1s large and dispersibility of
R-rich phase 1s also excellent.

Further, since a raw-material alloy produced by the
quenching method 1s easily fractured at a grain boundary by
a hydrogen pulverizing method, the R-rich phase easily
appears on the particle surface of the obtained alloy powder.
Since R of the R-rich phase easily reacts with oxygen,
powder of a raw-material alloy produced by the quenching
method oxidizes extremely easily and 1ts magnetic proper-
ties are deteriorated sorely.

To prevent oxidization of coarsely pulverized powder
(hydrogen pulverized powder) after hydrogen pulverizing
operation, there 1s proposed a technique (patent document 3)
in which hydrogen pulverized powder 1s sent to a fine
pulverizing step 1n inert atmosphere. Additionally, another
technique (patent document 4) 1s also proposed 1n which a
step 1n a recovery chamber for discharging hydrogen pul-

verized powder from a hydrogen pulverizer 1s carried out in
inert gas.

PRIOR ART DOCUMENTS

Patent Documents

[Patent Document 1] Japanese Patent Publication No.
2731337

[Patent Document 2] Japanese Patent Publication No.
3418605

[Patent Document 3] Japanese Patent Application Laid-

open No. H7-74042
[Patent Document 4] Japanese Patent Application Laid-

open No. 2005-118625
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SUMMARY OF THE INVENTION

Problem to be Solved by the Invention

As proposed 1n the patent documents 3 and 4, hydrogen
pulverized powder can prevent oxidation by managing the
same 1n mert gas.

According to the patent document 4, a recovery process 1s
carried out 1n a recovery chamber through which hydrogen
pulverized powder 1s discharged from a hydrogen pulver-
izer, and this recovery process 1s carried out for every
conveying container in which hydrogen pulverized powder
1s accommodated. That 1s, a step 1 which hydrogen pul-
verized powder in the conveying container 1s made to drop
to a bottom 1n the recovery chamber and hydrogen pulver-
1zed powder on the bottom in the recovery chamber is
discharged to the recovery container 1s repeated for every
conveying container. The conveying container from which
hydrogen pulverized powder 1s discharged 1s conveyed
outside the recovery chamber but when this conveying
container 1s carried outside, the recovery chamber 1s released
to outside air. The recovery chamber which 1s released to
outside air 1s evacuated belore a new conveying container 1s
carried 1n, inert gas 1s introduced and thus, oxygen does not
exist.

Hence, hydrogen pulverized powder in the newly carried
in conveying container 1s not oxidized.

However, 11 hydrogen pulverized powder remains 1n the
recovery chamber, the remaining hydrogen pulverized pow-
der 1s oxidized in the communicated state with outside atr,
and the oxidized hydrogen pulverized powder 1s mixed into
hydrogen pulverized powder in the conveying container.

According to the method disclosed 1n the patent document
4, since the hydrogen pulverized powder 1s discharged from
a conveying container in the inert gas, there 1s a possibility
that dropped hydrogen pulverized powder stirs up and
accumulates 1n the recovery chamber and remains.

Although it 1s not described in the patent document 4, to
recover the accumulated hydrogen pulverized powder so
that none remains, i1t 1s conceived that an air hammer 1s
placed at a funnel-shaped portion of a lower portion of a
box-shaped cylindrical container, and the accumulated
hydrogen pulverized powder 1s made to drop from the air
hammer. However, a large-scale device 1s required, and 1t 1s
dificult to discharge all of the hydrogen pulverized powder
which remains 1n a carry-in port through which a conveying,
container comes 1n and out, on a carrying device and on the
recovery chamber except on the funnel-shaped portion.

The hydrogen pulverized powder which remains in the
recovery chamber 1s gradually oxidized, it 1s mixed into
another hydrogen pulverized powder which 1s processed
next time and as a result, the amount of oxygen of an
obtained sintered magnet i1s increased and the magnetic
properties are deteriorated.

Hence, it 1s important to prevent oxidized hydrogen
pulverized powder from mixing by eliminating any residue
of hydrogen pulverized powder 1n the recovery chamber.

Hence, it 1s an object of the present invention to provide
a recovery method and a recovery device of hydrogen
pulverized powder of a raw-material alloy for rare-earth
magnets capable of lowering a possibility that hydrogen
pulverized powder after hydrogen pulverization remains in
a recovery chamber, thereby enhancing magnetic properties
by reducing an oxygen amount of the obtained rare-earth

magneit.

Means for Solving the Problem

A first aspect of the invention provides a method for
recovering hydrogen pulverized powder of a raw-material
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4

alloy for rare-earth magnets, comprising a hydrogen storing
step of storing hydrogen into the raw-maternial alloy for
rare-carth magnets accommodated 1n a processing container,
a heating step of heating the raw-material alloy for rare-earth
magnets which are pulverized by storing the hydrogen and
dehydrogenating the raw-material alloy, a cooling step of
cooling the heated raw-material alloy for rare-earth magnets,
and a recovery step of recovering the cooled raw-material
alloy for rare-earth magnets into the recovery container. The
recovery step 1s carried out in a recovery chamber which 1s
adjacently connected to one or more processing chambers
where the hydrogen storing step, the heating step and the
cooling step are carried out. The recovery chamber 1includes
an 1nert gas introducing means which introduces inert gas,
an evacuating means which discharges gas in the recovery
chamber, a carry-in port through which the processing
container 1s carried into the recovery chamber from the
processing chamber, a discharge port disposed in a lower
portion of the recovery chamber, and a recovery container
connected to the discharge port. The processing container 1s
carried into the recovery chamber from the processing
chamber through the carry-in port after inert gas 1s intro-
duced 1nto the recovery chamber by the inert gas introducing
means. The raw-material alloy for rare-earth magnets 1n the
processing container 1s discharged into the recovery cham-
ber after the pressure 1n the recovery chamber 1s reduced by
the evacuating means. Inert gas 1s introduced into the
recovery chamber by the inert gas introducing means after
the raw-maternial alloy for rare-earth magnets was discharged
into the recovery chamber. The raw-matenal alloy for rare-
carth magnets 1s recovered into the recovery container
through the discharge port after a pressure 1n the recovery
chamber 1s brought into a predetermined pressure by inert
gas.

According to a second aspect of the mnvention, 1n the
method for recovering hydrogen pulverized powder of a
raw-material alloy for rare-earth magnets of the first aspect,
the recovery chamber includes a turn-over means for turning
over the processing container upside down. The processing
container 1s provided at its upper surtface with an opening.
The raw-matenial alloy for rare-earth magnets in the pro-
cessing container 1s discharged by an upside down turning
over operation carried out by the turn-over means.

According to a third aspect of the invention, 1n the method
for recovering hydrogen pulverized powder of a raw-mate-
rial alloy for rare-earth magnets of the second aspect, after
the upside down turning over operation 1s carried out by the
turn-over means, the turn-over means carries out a swinging
operation 1n a state where the opening 1s directed downward.

According to a fourth aspect of the invention, in the
method for recovering hydrogen pulverized powder of a
raw-material alloy for rare-earth magnets of the second or
third aspect, the processing container 1s provided with a Iid
which covers the opening thereof. The opening 1s covered
with the Iid when the evacuating means carries out a
decompressing operation, and the Iid 1s detached from the
opening aiter the pressure 1n the recovery chamber is
reduced by the evacuating means and before the upside

down turning over operation 1s carried out by the turn-over
means.

According to a {ifth aspect of the invention, in the method
for recovering hydrogen pulverized powder of a raw-mate-
rial alloy for rare-earth magnets of the fourth aspect, the
hydrogen storing step, the heating step and the cooling step
are carried out 1n a state where the opening of the processing
container 1s covered with the lid.
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According to a sixth aspect of the mnvention, in the method
for recovering hydrogen pulverized powder of a raw-mate-
rial alloy for rare-earth magnets of any one of the first to fifth
aspects, the raw-matenal alloy for rare-earth magnets is
discharged from the processing container under a reduced
pressure of 1000 Pa to 1 Pa 1n the recovery chamber.

According to a seventh aspect of the mvention, 1n the
method for recovering hydrogen pulverized powder of a
raw-material alloy for rare-earth magnets of any one of the
first to sixth aspects, mert gas 1s previously substituted for
air 1n the recovery container such that oxygen concentration
becomes 20 ppm or less, and the predetermined pressure in
the recovery chamber 1s set to the same as the pressure in the
recovery container.

An eighth aspect of the mvention provides a device for
recovering hydrogen pulverized powder of a raw-material
alloy for rare-earth magnets, comprising one or more pro-
cessing chambers where the raw-material alloy for rare-earth
magnets accommodated 1n a processing container provided
at 1its upper surtface with an opening 1s subjected to a
hydrogen storing process, a heating process and a cooling
process. A recovery chamber, which 1s adjacently connected
to the processing chamber, includes an 1nert gas mtroducing,
means which introduces inert gas, an evacuating means
which discharges gas 1n the recovery chamber, a carry-in
port through which the processing container is carried into
the recovery chamber from the processing chamber, and a
discharge port disposed 1n a lower portion of the recovery
chamber. Hydrogen pulverized powder of the raw-material
alloy for rare-carth magnets 1n the processing container
carried in from the processing chamber 1s discharged nto the
recovery chamber, and the hydrogen pulverized powder 1s
recovered into the recovery container through the discharge
port. The recovery chamber includes a turn-over means
which turns over the processing container upside down, and
a pressure measuring means which measures a pressure 1n
the recovery chamber. The turn-over means i1s operated
based on information of a pressure measured by the pressure
measuring means after the evacuating means 1s operated,
and the processing container 1s turned over upside down,
thereby discharging the hydrogen pulverized powder of the
raw-material alloy for rare-earth magnets in the processing
container into the recovery chamber.

According to a ninth aspect of the invention, 1n the device
for recovering hydrogen pulverized powder of a raw-mate-
rial alloy for rare-carth magnets of the eighth aspect, a
pressure measured by the pressure measuring means 1s 1000
Pa or less.

According to a tenth aspect of the invention, 1n the device
for recovering hydrogen pulverized powder of a raw-mate-
rial alloy for rare-earth magnets of the eighth or ninth aspect,
in a state where the turn-over means turns over the process-
ing container upside down and the opening of the processing
container 1s directed downward, the turn-over means further
swings the processing container.

According to an eleventh aspect of the invention, 1n the
device for recovering hydrogen pulverized powder of a
raw-material alloy for rare-earth magnets of any one of the
cighth to tenth aspects, the device further comprises a hid
opening/closing means for detaching a lid which covers the
opening of the processing container. The lid opening/closing
means brings an engagement piece provided on the lid and
another engagement piece provided in the recovery chamber
into engagement with each other, and the lid 1s detached by
upwardly moving the engagement piece provided in the
recovery chamber.
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According to a twellth aspect of the invention, in the
device for recovering hydrogen pulverized powder of a

raw-material alloy for rare-earth magnets of the eleventh
aspect, the engagement piece provided on the 1id 1s disposed
on an upper portion of the lid, the engagement piece
provided in the recovery chamber 1s disposed on an upper
portion of the recovery chamber; one of the engagement
pieces has a T-shaped cross section, and the other engage-
ment piece has a substantially C-shaped cross section.

According to a thirteenth aspect of the invention, 1n the
device for recovering hydrogen pulverized powder of a
raw-material alloy for rare-earth magnets of any one of the
cighth to twellth aspects, the device further comprises a
conveyer means which conveys the processing container
into the recovery chamber from the processing chamber. The
turn-over means turns over the processing container together
with the conveyer means.

According to a fourteenth aspect of the mvention, 1n the
device for recovering hydrogen pulverized powder of a
raw-material alloy for rare-earth magnets of the thirteenth
aspect, a pair of movement-preventing means which prevent
the processing container from moving at the time of a
turning over operation carried out by the turn-over means
are respectively provided on both sides of the conveyer
means 1n a conveying direction of the processing container.
A pair of separation-preventing means which prevent the
processing container from separating from the conveyer
means at the time of the turning over operation are respec-
tively provided on both sides of the conveyer means 1n a
direction intersecting with a conveying-in direction of the
processing container at right angles, and the processing
container 1s held at a predetermined position with respect to
the conveyer means by the pair of movement-preventing
means and the pair of separation-preventing means when the
turning over operation 1s carried out by the turn-over means.

According to a fifteenth aspect of the invention, in the
device for recovering hydrogen pulverized powder of a
raw-material alloy for rare-earth magnets of the fourteenth
aspect, the conveyer means 1s made up of a plurality of
rollers, and the movement-preventing means are capable of
projecting and retracting toward the processing container
from between the rollers.

According to a sixteenth aspect of the invention, 1n the
device for recovering hydrogen pulverized powder of a
raw-material alloy for rare-earth magnets of the fourteenth
or fifteenth aspects, the separation-preventing means have
[-shaped cross sections, and the separation-preventing
means are disposed such that they are located on upper
portions of flanges provided on an outer periphery of the
processing container in the vicinity of 1ts opening.

According to a seventeenth aspect of the invention, in the
device for recovering hydrogen pulverized powder of a
raw-material alloy for rare-earth magnets of any one of the
cighth to sixteenth aspects, the discharge port includes a
valve, the valve includes an annular expanded member
disposed on an nner peripheral surface of a cylindrical
member, and a disk member having a turning shait in a
radial direction of the cylindrical member.

Eftect of the Invention

According to the recovery method of the invention, since
the pressure in the recovery chamber i1s reduced when the
hydrogen pulverized powder of the raw-material alloy for
rare-carth magnets 1n the processing container 1s discharged
into the recovery chamber, the hydrogen pulverized powder
drops without whirling 1n the recovery chamber and thus, the
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hydrogen pulverized powder does not attach to the inner
wall surface of the recovery chamber. Therefore, 1t 1s pos-
sible to lower the possibility that hydrogen pulverized
powder which attached to the inner wall surface of the
recovery chamber 1s oxidized when the recovery chamber 1s
opened 1nto outside air when the processing container is
carried out and the hydrogen pulverized powder 1s mixed
into another hydrogen pulverized powder 1n a next hydrogen
pulverizing processing. Hence, it 1s possible to stably mass
produce hydrogen pulverized powder of low oxygen content
in a continuous operation, and enhance the magnetic prop-
ertiecs of the rare-earth magnet. When 1t 1s discharged
through the discharge port to the recovery container, since a
pressure 1n the recovery chamber 1s brought into the prede-
termined pressure by the ert gas, 1t 1s possible to smoothly
discharge the same. Therefore, a large-scale apparatus 1s not
required. According to the recovery method of the invention,
it 1s possible to largely improve vields of the hydrogen
pulverized powder.

According to the recovery device of the mvention, after
the evacuating means 1s operated, hydrogen pulverized
powder of the raw-material alloy for rare-carth magnets
accommodated 1n the processing container, provided at 1ts
upper surface with the opening, 1s discharged into the
recovery chamber based on the mformation of the pressure
measured by the pressure measuring means 1n such a manner
that the turn-over means 1s operated to turn over the pro-
cessing container upside down. Therefore, the hydrogen
pulverized powder drops without whirling in the recovery
chamber and thus, the hydrogen pulverized powder does not
attach to the inner wall surface of the recovery chamber.
Therefore, it 1s possible to lower the possibility that hydro-
gen pulverized powder which attached to the inner wall
surface of the recovery chamber i1s oxidized when the
recovery chamber 1s opened into outside air when the
processing container 1s carried out and the hydrogen pul-
verized powder 1s mixed into another hydrogen pulverized
powder 1n a next hydrogen pulverizing processing. Hence, it
1s possible to stably mass produce hydrogen pulverized
powder of low oxygen content 1n a continuous operation,
and enhance the magnetic properties of the rare-carth mag-
net. Since the processing container 1s turned over upside
down by the turn-over means, a large amount of hydrogen
pulverized powder can be discharged into the recovery
chamber at a time, and time required for recovering the
hydrogen pulverized powder can largely be shortened. Fur-
ther, relatively simple motion, 1.¢., the upside down turning,
over operation 1s employed, a large-scale device 1s unnec-
essary, and the entire recovery chamber can be made com-
pact. According to the recovery device of the invention, it 1s
possible to largely improve yields of the hydrogen pulver-
1zed powder.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram showing a configuration of
a hydrogen pulverizer of a raw-material alloy for rare-earth
magnets according to an embodiment;

FIG. 2 1s a front view of an essential portion of a recovery
chamber (hydrogen pulverized powder recovery device of a
raw-material alloy for rare-earth magnets) in the hydrogen
pulverizer;

FIG. 3 1s a side view of an essential portion of the
recovery chamber;

FIG. 4 1s an enlarged view of essential portion shown in

FIG. 3;
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FIG. 5 1s a plan view of an essential portion of the
recovery chamber; and

FIG. 6 are diagrams of a configuration showing operation
ol a valve provided at an outlet of the recovery chamber.

EXPLANAITION OF SYMBOLS

1 recovery container

2 blocking door

10 hydrogen storing chamber
11 blocking door

12 1mert gas introducing means
13 evacuating means

14 hydrogen introducing means
15 conveyer means

20 heating chamber

21 blocking door

22 1nert gas introducing means
23 evacuating means

24 heating means

25 conveyer means

30 cooling chamber

31 blocking door

32 active gas introducing means
33 evacuating means

34 cooling means

35 conveyer means

40 recovery chamber

41 blocking door

42 1nert gas introducing means
43 evacuating means

44 turn-over means

45 conveyer means

50 processing container

MODE FOR CARRYING OUT THE INVENTION

According to a method for recovering hydrogen pulver-
1zed powder of a raw-material alloy for rare-earth magnets
of the first aspect of the invention, the recovery step 1is
carried out in a recovery chamber which 1s adjacently
connected to one or more processing chambers where the
hydrogen storing step, the heating step and the cooling step
are carried out. The recovery chamber includes an inert gas
introducing means which introduces 1nert gas, an evacuating
means which discharges gas in the recovery chamber, a
carry-in port through which the processing container 1is
carried into the recovery chamber from the processing
chamber, a discharge port disposed 1n a lower portion of the
recovery chamber, and a recovery container connected to the
discharge port. The processing container 1s carried into the
recovery chamber from the processing chamber through the
carry-1n port after inert gas 1s mtroduced into the recovery
chamber by the inert gas introducing means. The raw-
material alloy for rare-earth magnets in the processing
container 1s discharged mto the recovery chamber after the
pressure in the recovery chamber 1s reduced by the evacu-
ating means. Inert gas 1s introduced into the recovery
chamber by the mnert gas mtroducing means after the raw-
material alloy for rare-earth magnets 1s discharged into the
recovery chamber, and the raw-material alloy for rare-earth
magnets 1s recovered into the recovery container through the
discharge port after a pressure in the recovery chamber 1s
brought into a predetermined pressure by ert gas. Accord-
ing to this aspect, when the hydrogen pulverized powder 1n
the processing container 1s discharged into the recovery
chamber, since the pressure 1n the recovery chamber 1is
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reduced, the hydrogen pulverized powder drops without
whirling 1n the recovery chamber and the hydrogen pulver-
1zed powder does not attach to the inner wall surface of the
recovery chamber. Therefore, 1t 1s possible to lower the
possibility that hydrogen pulverized powder which attached
to the inner wall surface of the recovery chamber 1s oxidized
when the recovery chamber 1s opened into outside air when
the processing container 1s carried out and the hydrogen
pulverized powder 1s mixed into another hydrogen pulver-
1zed powder 1n a next hydrogen pulverizing processing.
Hence, i1t 1s possible to stably mass produce hydrogen
pulverized powder of low oxygen content also 1n a continu-
ous operation, and enhance the magnetic properties of the
rare-earth magnet. When 1t 1s discharged through the dis-
charge port to the recovery container, since a pressure in the
recovery chamber 1s brought into the predetermined pressure
by the inert gas, 1t 1s possible to smoothly discharge the
same. Therefore, a large-scale apparatus 1s not required.

According to the second aspect of the invention, in the
method for recovering hydrogen pulverized powder of a
raw-material alloy for rare-earth magnets of the first aspect,
the recovery chamber includes a turn-over means for turning,
over the processing container upside down. The processing
container 1s provided at its upper surface with an opening,
and the raw-material alloy for rare-earth magnets 1n the
processing container 1s discharged by an upside down turn-
ing over operation carried out by the turn-over means.
According to this aspect, the possibility that hydrogen
pulverized powder remains around the opening and the 1id 1s
low as compared with a case where the lower portion of the
processing container 1s opened to drop the hydrogen pul-
verized powder. Additionally, since the pressure 1s further
reduced, an influence of whirling of hydrogen pulverized
powder caused by an air current of the turning over opera-
tion 1s not generated.

According to the third aspect of the invention, 1n the
method for recovering hydrogen pulverized powder of a
raw-material alloy for rare-earth magnets of the second
aspect, after the upside down turning over operation 1is
carried out by the turn-over means, the turn-over means
carries out a swinging operation 1n a state where the opening
1s directed downward. According to this aspect, even a small
amount ol hydrogen pulverized powder remaining in the
processing container can completely be made to drop.

According to the fourth aspect of the mnvention, in the
method for recovering hydrogen pulverized powder of a
raw-material alloy for rare-earth magnets of the second or
third aspect, the processing container 1s provided with a lid
which covers the opening thereot, the opening i1s covered
with the lid when the evacuating means carries out a
decompressing operation, and the lid i1s detached from the
opening after the pressure 1n the recovery chamber is
reduced by the evacuating means and before the upside
down turning over operation 1s carried out by the turn-over
means. According to this aspect, it 1s possible to prevent
hydrogen pulverized powder from being discharged together
with gas at the time of the decompressing operation. Addi-
tionally, whirling of hydrogen pulverized powder caused by
the generation of air current when the lid 1s opened 1s not
generated.

According to the fifth aspect of the invention, in the
method for recovering hydrogen pulverized powder of a
raw-material alloy for rare-earth magnets of the fourth
aspect, the hydrogen storing step, the heating step and the
cooling step are carried out 1n a state where the opening of
the processing container 1s covered with the lid. According
to this aspect, the hydrogen storing step, the heating step and
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the cooling step can be carried out in the state where the
opening of the processing container 1s covered with the lid,
and hydrogen pulverized powder 1s not discharged together
with gas when the pressure 1in the recovery chamber 1s
reduced.

According to the sixth aspect of the invention, 1n the
method for recovering hydrogen pulverized powder of a
raw-material alloy for rare-earth magnets of any one of the
first to fifth aspects, the raw-material alloy for rare-earth
magnets 1s discharged from the processing container under
a reduced pressure of 1000 Pa to 1 Pa in the recovery
chamber. According to this aspect, the generation of air
current 1n the recovery chamber can be eliminated, and 1t 1s
possible to avoid a case where hydrogen pulverized powder
whirls and attaches to the inner wall surface of the recovery
chamber.

According to the seventh aspect of the invention, in the
method for recovering hydrogen pulverized powder of a
raw-material alloy for rare-earth magnets of any one of the
first to sixth aspects, inert gas 1s previously substituted for
air 1n the recovery container such that the oxygen concen-
tration becomes 20 ppm or less, and the predetermined
pressure 1n the recovery chamber 1s set to the same as the
pressure 1n the recovery container. According to this aspect,
it 15 possible to prevent hydrogen pulverized powder from
being oxidized in the recovery container and easily dis-
charge hydrogen pulverized powder into the recovery con-
tainer from the recovery chamber.

An eighth aspect of the invention provides a device for
recovering hydrogen pulverized powder of a raw-material
alloy for rare-earth magnets, the recovery chamber includes
a turn-over means which turns over the processing container
upside down, and a pressure measuring means which mea-
sures a pressure 1n the recovery chamber. The turn-over
means 1s operated based on information of a pressure
measured by the pressure measuring means after the evacu-
ating means 1s operated, and the processing container is
turned over upside down, thereby discharging the hydrogen
pulverized powder of the raw-material alloy for rare-earth
magnets in the processing container into the recovery cham-
ber. According to this aspect, the possibility that hydrogen
pulverized powder remains around the opening and the 1id 1s
low as compared with a case where the lower portion of the
processing container 1s opened to drop the hydrogen pul-
verized powder. Additionally, since the pressure 1s further
reduced, an influence of whirling of hydrogen pulverized
powder caused by the air current of the turning over opera-
tion 1s not generated.

According to the ninth aspect of the invention, in the
device for recovering hydrogen pulverized powder of a
raw-material alloy for rare-earth magnets of the eighth
aspect, a pressure measured by the pressure measuring
means 1s 1000 Pa or less. According to this aspect, since
hydrogen pulverized powder drops without whirling 1in the
recovery chamber at the time of the turning over operation,
it 1s possible to prevent the hydrogen pulverized powder
from attaching to the inner wall surface of the recovery
chamber.

According to the tenth aspect of the nvention, 1n the
device for recovering hydrogen pulverized powder of a
raw-material alloy for rare-earth magnets of the eighth or
ninth aspect, 1 a state where the turn-over means turns over
the processing container upside down and the opening of the
processing container 1s directed downward, the turn-over
means further swings the processing container. According to
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this aspect, even a small amount of hydrogen pulverized
powder remaining in the processing container can com-
pletely be made to drop.

According to then eleventh aspect of the invention, 1n the
device for recovering hydrogen pulverized powder of a
raw-material alloy for rare-earth magnets of any one of the
cighth to tenth aspects, the device further comprises a lid
opening/closing means for detaching a lid which covers the
opening of the processing container. The lid opening/closing
means brings an engagement piece provided on the lid and
another engagement piece provided in the recovery chamber
into engagement with each other, and the lid 1s detached by
upwardly moving the engagement piece provided in the
recovery chamber. According to this aspect, the engagement
pieces are engaged with each other utilizing the transier
operation to carry the processing container into the recovery
chamber. Therefore, the lid opening/closing means can
detach the lid from the opening only by moving the engage-
ment piece upward.

According to the twelfth aspect of the mnvention, 1n the
device for recovering hydrogen pulverized powder of a
raw-material alloy for rare-earth magnets of the eleventh
aspect, the engagement piece provided on the 1id 1s disposed
on an upper portion of the lid. The engagement piece
provided in the recovery chamber 1s disposed on an upper
portion of the recovery chamber. One of the engagement
pieces has a T-shaped cross section, and the other engage-
ment piece has a substantially C-shaped cross section.
According to this aspect, 1t 1s possible to reliably engage the
engagement pieces with each other.

According to the thirteenth aspect of the invention, in the
device for recovering hydrogen pulverized powder of a
raw-material alloy for rare-earth magnets of any one of the
cighth to twellth aspects, the device further comprises
conveyer means which conveys the processing container
into the recovery chamber from the processing chamber. The
turn-over means turns over the processing container together
with the conveyer means. According to this aspect, by
turning over the conveyer means together with the process-
ing container, hydrogen pulverized powder discharged from
the processing container can reliably drop to the lower
portion ol the recovery chamber while avoiding a case
where the hydrogen pulverized powder does not attach to the
conveyer means.

According to the fourteenth aspect of the invention, 1n the
device for recovering hydrogen pulverized powder of a
raw-material alloy for rare-earth magnets of the thirteenth
aspect, a pair of movement-preventing means which prevent
the processing container from moving at the time of a
turning over operation carried out by the turn-over means
are respectively provided on both sides of the conveyer
means 11 a conveying direction of the processing container.
A pair of separation-preventing means which prevent the
processing container from separating from the conveyer
means at the time of the turming over operation are respec-
tively provided on both sides of the conveyer means 1n a
direction intersecting with a conveying-in direction of the
processing container at right angles. The processing con-
tainer 1s held at a predetermined position with respect to the
conveyer means by the pair of movement-preventing means
and the pair of separation-preventing means when the turn-
ing over operation 1s carried out by the turn-over means.
According to this aspect, the pair of movement-preventing,
means and the separation-preventing means can hold the
processing contaimner at a predetermined position with
respect to the conveyer means, and the turning over opera-
tion can reliably be carried out also 1n a narrow space.
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According to the fifteenth aspect of the invention, in the
device for recovering hydrogen pulverized powder of a

raw-material alloy for rare-earth magnets of the fourteenth
aspect, the conveyer means 1s made up of a plurality of
rollers, and the movement-preventing means are capable of
projecting and retracting toward the processing container
from between the rollers. According to this aspect, since the
gap between the rollers 1s utilized, the device can be made
compact, 1t 1s easy to precisely maintain the positional
relation with respect to the rollers and thus, the processing
container can reliably be held.

According to the sixteenth aspect of the imnvention, in the
device for recovering hydrogen pulverized powder of a
raw-material alloy for rare-earth magnets of the fourteenth
or fifteenth aspects, the separation-preventing means have
[-shaped cross sections, and the separation-preventing
means are disposed such that they are located on upper
portions of flanges provided on an outer periphery of the
processing container 1n the vicinity of 1ts opening. Accord-
ing to this aspect, by forming the flanges, the flanges and the
separation-preventing means can correspond to each other
by the conveying operation, and the processing container
can be held at a predetermined position.

According to the seventeenth aspect of the invention, 1n
the device for recovering hydrogen pulverized powder of a
raw-material alloy for rare-earth magnets of any one of the
cighth to sixteenth aspects, the discharge port includes a
valve, the valve includes an annular expanded member
disposed on an inner peripheral surface of a cylindrical
member, and a disk member having a turning shait in a
radial direction of the cylindrical member. According to this
aspect, influence caused when hydrogen pulverized powder
attaches 1s eliminated and hermeticity can be maintained.

EMBODIMENT

A recovery method of hydrogen pulverized powder of a
raw-material alloy for rare-earth magnets according to an
embodiment of the present mvention will be explained
below.

FIG. 1 1s a schematic diagram showing a configuration of
a hydrogen pulverizer of a raw-material alloy for rare-earth
magnets according to the embodiment.

As shown 1n FIG. 1, the hydrogen pulverizer for the
raw-material alloy for rare-earth magnets includes a hydro-
gen storing chamber 10 for making the raw-material alloy
for rare-earth magnets store hydrogen, a heating chamber 20
for carrying out dehydrogenation by heating powder of
hydrogen-pulverized raw-material alloy for rare-earth mag-
nets which was hydrogen pulverized by storing hydrogen, a
cooling chamber 30 for cooling the heated hydrogen pul-
verized powder, and a recovery chamber 40 for recovering
the cooled hydrogen pulverized powder into the recovery
container 1.

The hydrogen storing chamber 10 1s provided at 1its
carry-in port with a blocking door 11, and at its carry-out
port with a blocking door 21. An alloy 1s carried out to the
heating chamber 20 through the carry-out port, and herme-
ticity 1n the hydrogen storing chamber 10 can be maintained.
The hydrogen storing chamber 10 includes an inert gas
introducing means 12 for introducing inert gas, an evacuat-
ing means 13 for discharging gas in the hydrogen storing
chamber 10, a hydrogen itroducing means 14 for introduc-
ing hydrogen gas, and a conveyer means 15 for conveying
processing container 30.

The heating chamber 20 1s provided at i1ts carry-in port
with a blocking door 21, and its carry-out port with a
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blocking door 31. An alloy 1s carried 1n from the hydrogen
storing chamber 10 through the carry-in port, the alloy 1s
carried out to the cooling chamber 30 through the carry-out
port, and the hermeticity in the heating chamber 20 can be
maintained. The heating chamber 20 includes an 1nert gas
introducing means 22 for introducing inert gas, an evacuat-
ing means 23 for discharging gas 1n the heating chamber 20,
a heating means 24 for heating an interior of the heating
chamber 20, and a conveyer means 235 for conveying the
processing container 30.

The cooling chamber 30 1s provided at its carry-in port
with a blocking door 31, and at 1its carry-out port with a
blocking door 41. An alloy 1s carried 1n from the heating
chamber 20 through the carry-in port, the alloy 1s carried out
to the recovery chamber 40 through the carry-out port, and
hermeticity in the cooling chamber 30 can be maintained.
The cooling chamber 30 includes an inert gas introducing
means 32 for introducing ert gas, an evacuating means 33
for discharging gas in the cooling chamber 30, a cooling
means 34 for cooling an interior of the cooling chamber 30,
and a conveying means 35 for conveying the processing
container 50.

The recovery chamber 40 1s provided at 1ts carry-in port
with a blocking door 41, at 1ts carry-out port with a blocking,
door 2. An alloy 1s carried in from the cooling chamber 30
through the carrv-in port, the alloy 1s carried outside of a
furnace through the carry-out port, and hermeticity in the
recovery chamber 40 can be maintained. The recovery
chamber 40 includes an mert gas introducing means 42 for
introducing inert gas, an evacuating means 43 for discharg-
ing gas in the recovery chamber 40, a turn-over means 44 for
turning over the processing container 50 upside down, and
a conveyer means 45 for conveying the processing container
50. The recovery chamber 40 1s provided at 1ts lower portion
with a valve 60, and the recovery container 1 1s connected
to the recovery chamber 40 through the valve 60. The
recovery container 1 1s provided with a valve (not shown)
for hermetically sealing the recovery container 1.

The processing container 50 is transierred to the hydrogen
storing chamber 10, the heating chamber 20, the cooling
chamber 30 and the recovery chamber 40 1n a state where a
raw-material alloy for rare-earth magnets 1s accommodated
in the processing container 50.

In the invention, 1t 1s possible to use a so-called continu-
ous furnace type hydrogen pulverizer in which the hydrogen
storing chamber, the heating chamber and the cooling cham-
ber are independent from each other, but 1t 1s also possible
to use a so-called batch furnace (independent furnace) type
hydrogen pulverizer in which the hydrogen storing step, the
heating step and the cooling step are carried out 1n one
chamber. Further, 1t 1s possible to use a hydrogen pulverizer
ol a configuration having a chamber which can be used as
any of a hydrogen storing chamber and a heating chamber;
a cooling chamber, and a hydrogen storing chamber; and a
chamber which can be used as any of a heating chamber and
a cooling chamber. Alternatively, 1t 1s possible to use a
hydrogen pulverizer of such a configuration that enhances
the processing ability. In such a case, a plurality of heating
chambers and cooling chambers are provided, and the
hydrogen pulverizer includes a hydrogen storing chamber, a
first heating chamber, a second heating chamber, a first
cooling chamber and a second cooling chamber. The hydro-
gen pulverizer may have such a configuration that a prepa-
ration chamber and a reserve chamber are disposed 1n front
of a hydrogen storing chamber. That 1s, all of the known
hydrogen pulverizers can be employed except the recovery
chamber.
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It 1s preferable that a raw-material alloy for rare-earth
magnets which 1s to be processed by this device 1s a
raw-material alloy for an R-T-B-based magnet, and more
preferably a raw-material alloy for an R—Fe(Co)—B-M-
based magnet.

Here, R 1s selected from at least one of Nd, Pr, Dy and Tb.
It 1s preferable that R absolutely includes any one of Nd and
Pr. More preferably, a combination of rare-carth element
expressed by Nd—Dy, Nd—Tb, Nd—Pr—Dy, or Nd—Pr—
Tb 1s used.

Here, Dy and Tb of R exert the effect of enhancing a
coercive lorce. In addition to these elements, the raw-
material alloy may include other rare-earth element such as
a small amount of Ce and La, and misch metal or didym can
also be used. Further, R may not be a pure element, and may
include impurities which are unavoidable 1in manufacturing
in an 1industrially available range. A content thereol may be
a known content, and a preferably range of the content is
25% by mass or more and 35% by mass or less. If the
content 1s less than 25% by mass, high magnetic properties,
especially a high coercive force can not be obtained, and 1f
the content exceeds 35% by mass, a residual magnetic tlux
density 1s lowered.

Further, T absolutely includes Fe, and Co can be substi-
tuted for 50% or less of T. Here, Co eflective for enhancing
temperature properties and corrosion resistance, and Co 1s
normally used in combination with 10% by mass or less of
Co and the balance of Fe. A content of T occupies the
balance of R and B, or R, B and M.

A content of B may be a known content, and a preferable
range 1s 0.9% by mass to 1.2% by mass. If the content of B
1s less than 0.9% by mass, a high coercive force can not be
obtained, and i1 the content exceeds 1.2% by mass, 1t 1s not
preferable because a residual magnetic flux density 1s low-
ered. Here, C can be substituted for a portion of B. If C 1s
substituted for a portion of B, this 1s eflective because
corrosion resistance of a magnet can be enhanced. It 1s
preferable that a content when B and C are added 1s set
within a range of the above-described concentration of B by
converting the number of substitutional atoms of C into the
number of atoms of B.

In addition to the above-described elements, to enhance
the coercive force, M element can be added. The M element
1s at least one of Al, Si1, T1, V, Cr, Mn, N1, Cu, Zn, Ga, Zr,
Nb, Mo, In, Sn, Hf, Ta and W. The additive amount 1s
preferably 2% by mass. If the additive amount exceeds 5%
by mass, a residual magnetic flux density 1s lowered.

Unavoidable impurities are also permissible. Examples of
such impurities are Mn or Cr which 1s mixed from Fe; Al,
S1 or Cu which 1s mixed from Fe—B (ferroboron).

A raw-material alloy for rare-earth magnets which 1s
carried into this device 1s produced by a melting method.
The raw-material alloy 1s produced by an ingot casting
method 1n which a metal, which was previously adjusted
such that it finally became a necessary composition, 1s
melted and 1t 1s placed 1n a mold, a strip casting method 1n
which a molten metal 1s brought into contact with a single
roll, a twin roll, a rotation disk or a rotation cylindrical mold
to quench the molten metal, and a solidified alloy which 1s
thinner than an alloy produced by an ingot method 1s
produced, or a quenching method such as a centrifugal
casting method. The raw-material alloy for rare-earth mag-
nets of the embodiment can be applied to material produced
by the mgot method and the quenching method, but 1t 1s
more preferable that the raw-material alloy 1s produced by
the quenching method.
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A thickness of the raw-material alloy for rare-earth mag-
nets (quenched alloy) produced by the quenching method 1s
in a range of 0.03 mm or more and 10 mm or less, and a
shape thereof 1s a flake shape. The alloy molten metal
solidifies from 1ts surface which comes into contact with a
cooling roll (roll-contact surface), and crystal starts growing
in a columnar form from the roll contact surface in a
thickness direction. Since the quenched alloy 1s cooled 1n a
short time as compared with an alloy (ingot alloy) produced
by a conventional ingot casting method (mold casting
method), its structure 1s mimaturized and a crystal grain size
1s small. An area of a grain boundary i1s large and R-rich
phase largely spreads into the grain boundary and thus,
dispersibility of R-rich phase 1s also excellent. Hence, it 1s
casily fractured at the grain boundary by the hydrogen
pulverizing method. By hydrogen pulverizing the quenched
alloy, an average size of the hydrogen pulverized powder
(coarsely pulverized powder) can be made 1.0 mm or less
for example.

According to the hydrogen pulverizer of the embodiment,
the number of each of the hydrogen storing chamber 10, the
heating chamber 20, the cooling chamber 30 and the recov-
ery chamber 40 1s one and they are adjacently connected to
one another. However, multiple heating chambers 20 and
cooling chambers 30 may be provided to improve the
productivity 1n some cases.

An opening 1s formed 1n an upper surface of the process-
ing container 50, and a lid 31 1s provided on the opening.
Here, the 11d 51 does not hermetically close the opening, and
a gap through which hydrogen gas or inert gas can come 1n
and out 1s formed between the lid 51 and the opeming. That
1s, the opening of the processing container 50 1s covered
with the lid. Stainless steel, which has a heat resistance and
which can relatively easily be machined, 1s suitable as the
processing container 50. A capacity and a thickness of the
processing container 30 may appropriately be determined in
accordance with an amount to be processed at a time and a
s1ze of the hydrogen pulverizer. If the upper portion of the
processing container 50 1s opened, 1ts shape 1s not limited,
but a general shape thereof 1s a box shape. To enhance
elliciencies of the hydrogen storing performance, the heating
performance and the cooling performance, 1t 1s preferable
that a plurality of box-shaped containers are disposed on one
pedestal at constant distances from one another. The
embodiment uses a processing container having a 4 by 2
matrix of box-shaped containers disposed on one pedestal at
predetermined distances from one another. It 1s preferable
that the processing container 50 includes a pipe which
penetrates the processing container 50. Since the raw-ma-
terial alloy 1s put into the processing container 50 and
accumulated, temperature variation in the processing con-
tainer 50 caused by heating or cooling becomes slow. The
dehydrogenation and cooling performance after the dehy-
drogenation are not suflicient, and this becomes a cause for
variation in magnetic properties of a finally obtained mag-
net. Hence, a difference 1in temperature variation between a
raw-material alloy on a surface of the processing container
50 and an interior raw-material alloy becomes small by
making heating or cooling inert gas pass through the pipe
which penetrates the processing container 50; therefore,

quality can be stabilized. It 1s possible to further improve the
temperature variation of the raw-material alloy by combin-
ing pipes having different diameters or by selecting instal-
lation places or disposition intervals.
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The processing container 50 1s transierred to the hydrogen
storing chamber 10, the heating chamber 20 and the cooling
chamber 30 1n a state where the opening 1s covered with the
lid 51.

An operation of the hydrogen pulverizer of the embodi-
ment will be explained using FI1G. 1.

A flake-shaped raw-material alloy for rare-earth magnets
produced by the quenching method 1s accommodated 1n the
processing container 50 which is carried into the hydrogen
storing chamber 10.

The blocking door 11 of the hydrogen storing chamber 10
1s opened and the processing container 50 1s carried nto the
hydrogen storing chamber 10. After the processing container
50 1s carried into the hydrogen storing chamber 10, the
blocking door 11 i1s closed, the evacuating means 13 1s
operated, and the hydrogen storing chamber 10 1s evacuated.

After the hydrogen storing chamber 10 1s evacuated and
the operation of the evacuating means 13 1s completed, the
hydrogen imtroducing means 14 1s operated and hydrogen
gas 1s mtroduced into the hydrogen storing chamber 10. A
pressure 1n the hydrogen storing chamber 10 1s set to 0.1 to
0.18 MPa by introducing hydrogen gas, a raw-material alloy
for rare-earth magnets in the processing container 30 1s
made to store hydrogen, and a hydrogen storing step 1s
carried out.

After a predetermined amount of time has elapsed (after
the hydrogen storing operation 1s completed), the operation
of the hydrogen introducing means 14 1s completed, the
introducing operation of the hydrogen gas 1s stopped, and
the evacuating means 13 1s operated to remove hydrogen gas
in the hydrogen storing chamber 10, thereby carrying out the
evacuating operation. According to this, the hydrogen stor-
ing step 1s completed and the procedure 1s shifted to a next
heating step. At that time, the raw-material alloy for rare-
carth magnets stores hydrogen, the raw-material alloy 1s
made brittle and pulverized and becomes hydrogen pulver-
1zed powder (coarsely pulverized powder).

Since a hydrogenation reaction for storing hydrogen 1s an
exoergic reaction, a temperature of a raw-material alloy rises
as hydrogen 1s stored. Normally, when the exoergic reaction
1s completed and the temperature of the raw-matenal alloy
1s decreased and stabilized, 1t 1s determined that the hydro-
gen storing operation 1s completed and the procedure 1is
shifted to a next heating step. However, a long amount of
time 1s required until the temperature 1s decreased and
stabilized, and 1 a raw-material alloy whose temperature 1s
decreased 1s moved to the heating chamber, a temperature of
the heating chamber 1s decreased and time 1s required until
its temperature reaches a predetermined temperature.

Hence, 1t 1s preferable to employ a method designed such
that the hydrogen storing chamber can be heated, and the
hydrogen storing operation 1s carried out 1n a state where a
high temperature 1s maintained without decreasing the tem-
perature utilizing a temperature rise of the raw-material
alloy caused by an exoergic reaction at the time of the
hydrogen storing operation. Since hydrogen 1s stored mainly
by the R-rich phase of the grain boundary by storing
hydrogen in the high temperature maintaining state, it 1s
possible to shorten the time of the hydrogen storing step and
reduce the amount of introduced hydrogen while sufliciently
making the raw-material alloy bnttle. If the procedure 1s
shifted to a subsequent heating step while maintaining the
high temperature maintaining state, since 1t 1s possible to
prevent the temperature of the heating chamber from
decreasing, 1t 1s possible to shorten the time of the heating
step 1 the heating chamber and reduce consumption of
power which 1s required for heating.
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Next, when the procedure 1s shifted to the heating step, the
processing container 50 i1s transferred from the hydrogen
storing chamber 10 to the heating chamber 20. However,
before the processing container 50 1s transierred, the heating
chamber 20 1s previously evacuated by the evacuating
means 23.

The blocking door 21 1s opened, and the processing
container 50 1s carried into the heating chamber 20 from the
hydrogen storing chamber 10 by driving the conveyer means
15 and the conveyer means 25. After the processing con-
tainer 50 1s carried 1n, the blocking door 21 i1s closed, the
heating chamber 20 1s further evacuated by the evacuating
means 23 and 1s heated by the heating means 24. A tem-
perature in the heating chamber 20 1s maintained at 500 to

600° C. by the heating means 24, and a pressure of about 1

Pa 1s maintained by the evacuating means 23. According to
this, the dehydrogenation of the hydrogen pulverized pow-
der 1s carried out. In the heating step of the hydrogen
pulverized powder, the heating chamber 20 1s evacuated, but
it 1s possible to increase the temperature rising speed of the
raw-material alloy by introducing the nert gas (e.g., argon
gas) simultaneously with the evacuation operation to pro-
duce an air-flowing state by a predetermined pressure, and
time required for the heating step can be shortened.

After the dehydrogenation of the hydrogen pulverized
powder 1s suiliciently carried out, 1nert gas 1s imtroduced into
the heating chamber 20 by operating the 1nert gas itroduc-
ing means 22. After the inert gas 1s brought close to
atmosphere 1n the cooling chamber 30, the operation of the
inert gas introducing means 22 1s completed. Argon gas 1s
preferable as the inert gas.

The blocking door 31 1s opened, and the processing
container 50 existing in the heating chamber 20 is carried
into the cooling chamber 30 from the heating chamber 20 by
driving the conveyer means 25 and the conveying means 35.
After the processing container 30 is carried into the cooling,
chamber 30, the blocking door 31 1s closed, and the interior
of the cooling chamber 30 1s cooled by the cooling means
34.

The cooling operation 1s carried out by a fan or by
circulation of cooling water in the cooling chamber.

The blocking door 41 1s opened, and the processing
container 30 existing 1n the cooling chamber 30 1s carried
into the recovery chamber 40 from the cooling chamber 30
by driving the conveying means 35 and the conveyer means
45. When the processing container 50 1s carried into the
recovery chamber 40, 1nert gas (argon gas) 1s introduced 1nto
the recovery chamber 40 by operating the inert gas intro-
ducing means 42. The gas 1s brought close to atmosphere 1n
the cooling chamber 30, and the operation of the inert gas
introducing means 42 1s completed.

If the processing container 30 1s carried into the recovery
chamber 40, the blocking door 41 1s closed and the recovery
chamber 40 1s evacuated by operatmg the evacuating means
43. The recovery chamber 40 1s evacuated and a pressure
therein 1s set to 1000 Pa to 1 Pa, preferably 5 Pato 1 Pa. In
this state, the lid 51 1s removed, the turn-over means 44 1s
operated, and the hydrogen pulverized powder 1n the pro-
cessing container 30 1s made to drop to the bottom in the
recovery chamber 40 and i1s discharged. The turn-over
means 44 1s the preferable means for discharging the hydro-
gen pulverized powder in the processing container 30 into
the recovery chamber 40, but a main feature of the recovery
method of the invention 1s to decompress the recovery
chamber 40 when hydrogen pulverized powder 1n the pro-
cessing container 30 1s discharged into the recovery chamber
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40. Therefore, if the pressure 1n the recovery chamber 40 1s
reduced, discharging means other than the turn-over means
44 may be used.

The pressure 1in the recovery chamber 40 1s set to 1000 Pa
to 1 Pa, preferably 5 Pa to 1 Pa for the folllowing reason.

After the recovering step 1s completed, an empty process-
ing container 50 1s taken out from the blocking door 2 and
then, the blocking door 2 1s closed and the recovery chamber
40 1s evacuated, and the evacuating operation 1s continued
until a next processing container 50 comes from the cooling
chamber, and the interior therein 1s brought close to the
atmosphere 1n the cooling chamber immediately before the
processing container 50 1s carried 1n. Therefore, the pressure
1s returned to the atmospheric pressure by the inert gas
(argon gas), the amount of oxygen in the recovery chamber
40 1s sufliciently reduced (e.g., 20 ppm or less), and 1t 1s
unnecessary to take the amount of oxygen into consideration
in terms of oxidation prevention of the hydrogen pulverized
powder. Therefore, the pressure from 1000 Pa to 1 Pa 1s
determined to establish a condition that hydrogen pulverized
powder does not whirl 1n the recovery chamber. When the
cycle speed of the hydrogen pulverizer 1s slow or when the
evacuating, operation can not sufliciently be carried out until
a next processing contamner 30 comes from the cooling
chamber due to inspection or maintenance in the recovery
chamber 40, the amount of oxygen in the recovery chamber
40 15 suf1c1ently reduced. It 1s preferable that the pressure 1n
the recovery chamber 40 1s set to 5 Pa to 1 Pa so that the
amount of oxygen becomes 20 ppm or less. That 1s, the
pressure ol 5 Pato 1 Pa1s determined to establish a condition
that the amount of oxygen in the recovery chamber 40
becomes 20 ppm or less. Naturally, since 5 Pa 1s a vacuum
higher than 1000 Pa, the hydrogen pulverized powder does
not whirl in the recovery chamber. As described above,
normally, there 1s no problem if the pressure 1n the recovery
chamber 40 1s 1000 Pa or less, and 5 Pa or less 1s more
preferable.

In the mvention, an evacuation degree of 1 Pa or less 1s
not absolutely necessary to prevent the hydrogen pulverized
powder from being oxidized and prevent the hydrogen
pulverized powder from whirling in the recovery chamber
40. Even if the evacuation degree 1s 1 Pa or less, the
invention can be carried out.

After the hydrogen pulverized powder 1s made to drop
into the recovery chamber 40, the operation of the evacu-
ating means 43 1s completed, and inert gas (argon gas) 1s
introduced into the recovery chamber 40 by operating the
inert gas introducing means 42 again. After the pressure 1n
the recovery chamber 40 reaches a predetermined pressure,
the operation of the imert gas introducing means 42 1s
completed. The valve (not shown) provided on the recovery
container 1 1s opened, 1nert gas 1s previously substituted for
air 1n the recovery container such that the oxygen concen-
tration becomes 20 ppm or less. By introducing the inert gas
(argon gas) 1nto the recovery chamber 40, the predetermined
pressure 1n the recovery chamber 40 1s the same as the
pressure 1n the recovery container 1. In this state, the valve
60 1s opened and hydrogen pulverized powder 1s recovered
in the recovery container 1.

If the recovery operation of the hydrogen pulverized
powder 1nto the recovery container 1 1s completed, the valve
60 and the valve (not shown) provided on the recovery
container 1 are closed, and the recovery container 1 1is
separated from the recovery chamber 40. Thereafter, the
blocking door 2 1s opened and the processing container 50
1s transierred out from the recovery chamber 40.
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In the embodiment, the recovery step 1s carried out in the
recovery chamber 40 which 1s adjacently connected to one
or more processing chambers where the heating step and the
cooling step are carried out. The recovery chamber 40
includes the inert gas introducing means 42 which 1ntro-
duces 1nert gas, the evacuating means 43 which discharges
out gas 1n the recovery chamber 40, the carry-in port through
which the processing container 50 1s carried into the recov-
ery chamber 40 from the processing chamber, a discharge
port 40a disposed 1n a lower portion of the recovery chamber
40, and the recovery container 1 connected to the discharge
port 40a. After inert gas 1s introduced into the recovery
chamber 40 by the inert gas introducing means 42, the
processing container 50 is carried mto the recovery chamber
40 through the carry-in port. After the pressure in the
recovery chamber 40 1s reduced by the evacuating means 43,
a raw-material alloy for rare-earth magnets 1n the processing
container 50 1s discharged into the recovery chamber 40.
After the raw-material alloy for rare-earth magnets 1s dis-
charged into the recovery chamber 40, inert gas 1s 1ntro-
duced into the recovery chamber 40 by the inert gas intro-
ducing means 42. A pressure in the recovery chamber 40 1s
set to a predetermined pressure by the mert gas and then, the
raw-material alloy for rare-earth magnets 1s recovered 1nto
the recovery container 1 through the discharge port. There-
tore, when the hydrogen pulverized powder 1n the process-
ing container 30 1s discharged into the recovery chamber 40,
since the pressure 1n the recovery chamber 40 1s reduced, the
hydrogen pulverized powder drops without whirling in the
recovery chamber 40, and the hydrogen pulverized powder
does not attach to the mner wall surface of the recovery
chamber 40. As described above, 1t 1s possible to lower the
possibility that hydrogen pulverized powder which attached
to the mner wall surface of the recovery chamber 40 1s
oxidized when the recovery chamber 40 1s opened into
outside air when the processing container 50 1s carried out
and hydrogen pulverized powder 1s mixed into another
hydrogen pulverized powder 1n a next hydrogen pulverizing,
processing. Hence, 1t 1s possible to stably mass produce
hydrogen pulverized powder of low oxygen content in a
continuous operation, and enhance the magnetic properties
of the rare-earth magnet. When 1t 1s discharged through the
discharge port 40a to the recovery contamner 1, since a
pressure 1n the recovery chamber 40 i1s brought into the
predetermined pressure by the inert gas, 1t 1s possible to
smoothly discharge the same. Therefore, a large-scale appa-
ratus 1s not required.

In the embodiment, the recovery chamber 40 includes the
turn-over means 44, which turns over the processing con-
tainer 50 upside down. The processing container 50 1s
provided at its upper surface with the opening and a raw-
material alloy for rare-earth magnets in the processing
container 50 1s discharged by the upside down turning over
operation. Therefore, the possibility that hydrogen pulver-
1zed powder remains around the opening and around the lid
1s less as compared with a configuration that a lower portion
of the processing container 30 1s opened and hydrogen
pulverized powder 1s made to drop. Additionally, since the
pressure 1s further reduced, an influence of whirling of
hydrogen pulverized powder caused by the air current of the
turning over operation 1s not generated.

In the embodiment, the processing container 30 1s pro-
vided with the lid 51 which covers the opening thereof.
When the pressure 1s reduced by the evacuating means 43,
the opening 1s covered with the 1id 51 and after the pressure
in the recovery chamber 40 1s reduced by the evacuating
means 43, the lid 51 1s detached from the opening before the
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upside down turning over operation 1s carried out by the
turn-over means 44. Therefore, 1t 1s possible to prevent
hydrogen pulverized powder from being discharged together
with gas at the time of the decompressing operation, and the
hydrogen pulverized powder does not whirl by the genera-
tion of air current when the Iid 51 1s opened.

In the embodiment, the hydrogen storing step, the heating,
step and the cooling step can be carried out respectively by
the hydrogen storing chamber 10, the heating chamber 20
and the cooling chamber 30 in the state where the opening
of the processing container 50 1s covered with the 1id 51, and
the hydrogen pulverized powder 1s not discharged together
with gas when the pressure in the recovery chamber 40 1s
reduced.

In the embodiment, a raw-material alloy for rare-earth
magnets 1s discharged from the processing container 50
under a reduced pressure 1n the recovery chamber 40 of 1000
Pa to 1 Pa, the generation of air current in the recovery
chamber 40 can be eliminated, and 1t 1s possible to avoid a
case where hydrogen pulverized powder whirls and attaches
to the mner wall surface of the recovery chamber 40.

In the embodiment, mert gas 1s previously substituted for
air in the recovery container 1 such that the oxygen con-
centration becomes 20 ppm or less. The predetermined
pressure in the recovery chamber 40 1s set to be the same as
the pressure 1n the recovery container 1, thereby preventing
hydrogen pulverized powder from being oxidized in the
recovery container 1. Furthermore, 1t 1s possible to easily
discharge hydrogen pulverized powder from the recovery
chamber 40 1nto the recovery container 1.

Next, further detailed configuration and operation of the
recovery chamber shown in FIG. 1 will be explained.

FIG. 2 1s a front view of an essential portion of the
recovery chamber (hydrogen pulverized powder recovery
device of a raw-material alloy for rare-earth magnets) in the
hydrogen pulverizer. FIG. 3 1s a side view of an essential
portion of the recovery chamber. FIG. 4 1s an enlarged view
of the essential portion shown 1n FIG. 3. FIG. 5 1s a plain
view of an essential portion of the recovery chamber.

In FIGS. 2 to 5, the blocking door 41, the iert gas
introducing means 42 and the evacuating means 43 are not
illustrated.

A lower portion of the recovery chamber 40 has a funnel-
shape so that hydrogen pulverized powder of accumulated
raw-material alloy for rare-earth magnets can be discharged
from the funnel-shape discharge port 40a to the recovery
container 1 (not shown in FIGS. 2 to 5). The discharge port
40q 1s provided with the valve 60. The recovery container 1
1s also provided with the valve (not shown). An air hammer
may be provided on the lower portion of the recovery
chamber 40.

The recovery chamber 40 includes the conveyer means 45
which 1s carried in and out of the processing container 50.
The conveyer means 435 1s made up of a plurality of rollers.
The recovery chamber 40 includes the later-described turmn-
over means 44 and pressure measuring means which mea-
sures a pressure in the recovery chamber 40.

In the recovery chamber 40, the movement-preventing
means 46a and 466 which prevent movement of the pro-
cessing container 50 1n a conveying direction of the con-
veyer means 45 are provided on both sides 1n the conveying
direction of the processing container 50. The movement-
preventing means 46a and 465 are disposed between rollers
which configure the conveyer means 45. The movement-
preventing means 46a and 465 project and retract toward the
processing container 50 from the conveying surface by the
rollers. The movement-preventing means 46q 1s provided on
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the front side 1n the conveying direction of the processing
container 50, and the movement-preventing means 465 1s
provided on the rear side 1n the conveying direction of the
processing container 50.

FIG. 4 shows the movement-preventing means 46a. The
movement-preventing means 46a includes a shiding shaft
46¢ and cam plates 464. One end of each of the cam plates
46d 1s pivotally supported by the sliding shait 46¢, the other
end thereof 1s a preventing portion. The cam plates 464 are
displaced around rotation shafts 46e as turning fulcrums.
Therefore, the cam plates 464 turn around the rotation shatts
46¢ by the movement of the sliding shait 46¢, and the
preventing portions project and retract with respect to the
conveying surtface of the conveyer means 45. The move-
ment-preventing means 46 also has the same configuration.
Shapes, sizes and the number of the movement-preventing
means 46a and 465 are not especially limited.

Separation-preventing means 47 which prevent the pro-
cessing container 30 from separating from the conveyer
means 45 are provided in the recovery chamber 40 on both
sides 1n a direction intersecting with a carry-in direction of
the processing container 50 at right angles. The separation-
preventing means 47 are provided on the side of the opening,
of the processing container 30. An outer periphery of the
processing container 50 in the vicinity of its opening 1s
provided with flanges 52.

The separation-preventing means 47 are disposed such
that they are located on upper portions of the flanges 52 in
a state where the processing container 50 1s carried in. Here,
cach of the separation-preventing means 47 has an L-shaped
cross section. Although the flanges 52 provided on the
processing container 50 are disposed on the outer periphery
of the processing container 50 in the vicinity of 1ts opening
in the embodiment, the tlanges 52 may be disposed on both
sides of the processing container 50 such that longitudinal
directions of the pair of flanges 52 are ornented to the
conveying direction.

The turn-over means 44 includes a base 44a which holds
the conveyer means 43 and the movement-preventing means
46a and 465b, a rotation shaft 445 which turns the base 44a,
and a motor 44¢ which drives the rotation shaft 44b.

The base 44a 1s configured by a pair of opposed walls
which are perpendicular to the roller shait of the conveyar
means 45, and the rotation shaft 445 1s pivotally supported
by the pair of opposed walls. The separation-preventing
means 47 are also provided on opposed surfaces of opposed
wall surfaces. The rotation shatt 445, which turns the base
d44a, and a main rotation shaft, which rotates a plurality of
rollers, are coaxial with each other. The plurality of rollers
configure the conveyer means 45.

A Iid opening/closing means 48 having an engagement
piece 48a 1s provided at an upper location 1n the recovery
chamber 40. The engagement piece 48a engages with an
engagement piece 53 provided on an upper surtace of the Iid
51. By the transfer operation by which the processing
container 30 1s carried into the recovery chamber 40 from
the cooling chamber 30, the engagement piece 48a provided
at the upper location 1n the recovery chamber 40 engages
with the engagement piece 53 provided on the upper surface
of the I1d 51, and the l1d 51 can be detached from the opening
by moving the engagement piece 48a upward.

Here, one of the engagement pieces 48a and 33 has a
T-shaped cross section and the other one has a substantially
C-shaped cross section. In the embodiment, the engagement
piece 33 has the substantially C-shaped cross section and the
engagement piece 48a has the T-shaped cross section. The
engagement pieces 48a and 53 are formed from rail mem-
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bers which extend in one direction. In the embodiment, a
pair of members having reversed L-shaped cross sections
form a slit, thereby expressing the substantially C-shape.

In the embodiment, the lid opening/closing means 48 1s
provided at the upper location in the recovery chamber 40.
By the transfer operation by which the processing container
50 1s carried 1nto the recovery chamber 40 from the cooling
chamber 30, the engagement piece 48a engages with the
engagement piece 53, and the lid 51 1s detached from the
opening by moving the engagement piece 48a upward. The
engagement piece 48a and the engagement piece 53 are
engaged with each other utilizing the transier operation to
carry the processing container 50 into the recovery chamber
40. Theretfore, the lid opening/closing means 48 can detach
the lid 51 from the opening only by moving the engagement
piece 48a upward.

In the embodiment, the turn-over means 44 turns over the
processing container 50 together with the conveyer means
45 1n a state where the processing container 30 1s placed on
the conveyer means 435. By tuning over the conveyer means
45 together with the processing container 30, it 1s possible
to reliably drop the hydrogen pulverized powder to the lower
portion of the recovery chamber 40 while avoiding a case
where the hydrogen pulverized powder discharged from the
processing container 30 attaches to the conveyer means 435.
Further, since the rotation shait 445, which turns the base
44a holding the conveyer means 45, and the main rotation
shaft, which rotates the plurality of rollers configuring the
conveyer means 45, are coaxial with each other, 1t 1s possible
to easily carry out the turming over operation.

The turning over operation first rotates the processing
container 50 180°, and points the opening of the processing
container 50 directly below. It 1s preferable that a swinging
motion 1s applied one time or a plurality of times thereatter.
For example, the processing container 50 1s rotated 180°, the
opening of the processing container 50 1s pointed directly
below and then, the processing contamner 50 1s further
rotated 45°. From this position, the processing container 50
1s turned over 90°. By applying the swinging motion, even
a small amount of hydrogen pulverized powder accumulated
on the pipe which penetrates the processing container 50 can
completely be made to drop.

This turning over operation 1s controlled such that after
the evacuating means 43 of the recovery chamber 40 1s
operated, the turming over operation starts based on infor-
mation of a pressure measured by the pressure measuring
means which measures a pressure in the recovery chamber
40. For example, the turning over operation is started at a
pressure of 1000 Pa or less. Various pressure gages and
vacuum gages can be used as the pressure measuring means.
According to this, when the turning over operation is carried
out, hydrogen pulverized powder drops without whirling 1n
the recovery chamber 40. Therefore, 1t 1s possible to prevent
the hydrogen pulverized powder from attaching to the inner
wall surface of the recovery chamber 40. Oxygen concen-
tration measuring means, which measure the oxygen con-
centration, may be provided in the recovery chamber 40
together with the pressure measuring means. The turning
over operation may be controlled based on both information
sets of the pressure measured by the pressure measuring
means and the oxygen concentration measure by the oxygen
concentration measuring means. Alternatively, the turning
over operation may be controlled using only the oxygen
concentration measuring means.

In the embodiment, mert gas 1s previously substituted for
air 1n the recovery container 1 such that oxygen concentra-
tion becomes 20 ppm or less, and the predetermined pressure
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in the recovery chamber 40 1s set to be the same as the
pressure 1n the recovery container 1. According to this, 1t 1s
possible to prevent the hydrogen pulverized powder from
being oxidized 1n the recovery container 1 and easily dis-
charged from the recovery chamber 40 into the recovery
container 1.

In the embodiment, the movement-preventing means 464
and 465 are respectively provided on front and rear sides 1n
the conveying direction of the processing container 50, and
the separation-preventing means 47, which prevent the pro-
cessing container 30 from separating from the conveyer
means 45, are provided on the opening side of the processing,
container 50. When the turning over operation 1s carried out
by the turn-over means 44, the pair of movement-preventing,
means 46a and 465 and the separation-preventing means 47
can hold the processing container 50 at a predetermined
position with respect to the conveyer means 45, and the
turning over operation can reliably be carried out also 1n a
narrow space.

In the embodiment, the movement-preventing means 464
and 465 are provided such that they can project and retract
toward the processing container 30 from between the rollers
which configure the conveyer means 45. According to this,
since the gap between the rollers 1s utilized, the device can
be made compact. It 1s easy to precisely maintain the
positional relation with respect to the rollers and thus, the
processing container 50 can reliably be held.

In the embodiment, the separation-preventing means 47
are disposed such that they are located on the upper portions
of the flanges 52 1n a state where the processing container 50
1s carried . By forming the flanges 52 as described above,
the flanges 52 and the separation-preventing means 47 can
correspond to each other by the conveying operation, and the
processing container 50 can be held at a predetermined
position.

Next, the configuration and operation of the valve shown
in FIG. 1 will be explained.

FIG. 6 are diagrams of a configuration showing operation
of a valve provided at an outlet of the recovery chamber.

FIG. 6(a) shows an opened state of the valve, FIG. 6(b)
shows an mtermediate state where the valve 1s going to close
and FIG. 6(c) shows a closed state of the valve.

A valve 60 includes an annular expanded member 62
disposed on an inner peripheral surface of the cylindrical
member 61, and a disk member 63 having a turning shaft
63a directing to a radial direction of the cylindrical member
61.

The annular expanded member 62 may be elastically
deformable by 1ts own material or a structure thereof, but 1t
1s preferable that the annular expanded member 62 can be
expanded by a gas pressure from outside.

The disk member 63 rotates by the turning shaft 63q and
1s brought into the opened state 1n the state of FIG. 6(a).
After the cylindrical member 61 1s moved to a position
where the cylindrical member 61 1s closed by the state
shown 1 FIG. 6(b), the annular expanded member 62 1s
expanded and deformed, thereby hermetically closing
between the disk member 63 and the annular expanded
member 62.

According to the valve 60 of the embodiment, an influ-
ence caused when hydrogen pulverized powder attaches 1s
climinated and hermeticity can be maintained.

The valve 60 1s controlled such that 1t can open and close
when the oxygen concentration in the recovery container 1
1s 20 ppm or less and a pressure 1n the recovery chamber 40
becomes equal to the pressure 1n the recovery container 1 by
the nert gas mtroducing means 42 of the recovery chamber
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40. Therefore, 1t 1s possible to prevent the hydrogen pulver-
1zed powder from being oxidized in the recovery container
1, and the hydrogen pulverized powder can be easily dis-
charged from the recovery chamber 40 into the recovery
container 1.

Although the raw-material alloy for the R-T-B-based
magnets 1s used as the raw-matenial alloy for rare-earth
magnets 1n the embodiment, the invention can also be
applied to an oxygen-depressing step of hydrogen pulver-
1zed powder of raw-material alloy for Sm—Co-based mag-
nets.

As the raw-material alloy for rare-earth magnets used by
the hydrogen pulverizer of the embodiment, a quenched
alloy was produced by the strip casting method using a
composition which was adjusted such that Nd23.24, Pr6.44,
Dv0.55, B0.92, A10.09, Ga0.08, Co02.00, Cu0.10 (% by
mass) were achieved by a finally obtained magnet compo-
s1tiomn.

Then, 400 kg of the strip cast alloy was placed 1n the
device, and hydrogen pulverized powder of raw-material
alloy for rare-earth magnets was recovered into the recovery
container 1.

A comparative experiment was carried out using the same
material and the same device. In the experiment example,
the hydrogen pulverized powder was made to drop into the
recovery chamber without carrying out the decompressing
operation when the upside down turning over operation was
carried out by the turn-over means.

An 1nternal pressure 1n the first embodiment at the time of
the turning over operation was set to 5 Pa, and a pressure
when argon gas was 1ntroduced after the turning over
operation was set to a pressure which was the same as
atmospheric pressure. In a first comparative example, the
evacuating operation was not carried out when the turning
over operation was carried out, and the pressure was set to
the same pressure as the atmospheric pressure by introduc-
ing argon gas aiter the turming over operation was carried
out.

In the first embodiment, hydrogen pulverized powder
which remained 1n the recovery chamber 40 thereaiter was
collected and the weight of the hydrogen pulverized powder
was 0.1 g or less. In the comparative experiment, 100 g of
hydrogen pulverized powder was recovered from the recov-
ery chamber 40.

INDUSTRIAL APPLICABILITY

The present invention can be utilized for a method and a
device for recovering hydrogen pulverized powder of a
raw-material alloy for rare-earth magnets which 1s in a state
where the raw-material alloy 1s prone to be oxidized.

The mmvention claimed 1s:
1. A device for recovering hydrogen pulverized powder of
a raw-material alloy for rare-earth magnets, comprising:

one or more processing chambers where the raw-material
alloy for rare-earth magnets accommodated 1n a pro-
cessing container provided at 1ts upper surface with an
opening 1s subjected to a hydrogen storing process, a
heating process and a cooling process, and a recovery
chamber which 1s adjacently connected to the process-
ing chamber,

the recovery chamber includes an inert gas introducing
means which mtroduces inert gas, an evacuating means
which discharges gas 1n the recovery chamber, a carry-
in port through which the processing container is
carried into the recovery chamber from the processing
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chamber, and a discharge port disposed 1n a lower
portion of the recovery chamber,

hydrogen pulverized powder of the raw-material alloy for

rare-earth magnets 1n the processing container carried
in {rom the processing chamber 1s discharged into the
recovery chamber, and the hydrogen pulverized pow-
der 1s recovered into recovery container through the
discharge port, wherein

the recovery chamber includes a turn-over means which

turns over the processing container upside down, and

a pressure measuring means which measures a pressure in

the recovery chamber,

the turn-over means 1s operated based on information of

a pressure measured by the pressure measuring means
alter the evacuating means was operated, and the
processing container 1s turned over upside down,
thereby discharging the hydrogen pulverized powder of
the raw-material alloy for rare-earth magnets in the
processing container ito the recovery chamber.

2. The device for recovering hydrogen pulverized powder
ol a raw-material alloy for rare-earth magnets according to
claiam 1, wherein a pressure measured by the pressure
measuring means 1s 1000 Pa or less.

3. The device for recovering hydrogen pulverized powder
ol a raw-material alloy for rare-earth magnets according to
claim 1, wherein 1n a state where the turn-over means turns
over the processing container upside down and the opening
of the processing container 1s directed downward, the turn-
over means further swings the processing container.

4. The device for recovering hydrogen pulverized powder
ol a raw-material alloy for rare-earth magnets according to
claim 1, further comprising a lid opening/closing means for
detaching a lid which covers the opening of the processing
container, wherein the lid opening/closing means brings an
engagement piece provided on the lid and another engage-
ment piece provided in the recovery chamber 1into engage-
ment with each other, and the 11id 1s detached by upwardly
moving the engagement piece provided in the recovery
chamber.

5. The device for recovering hydrogen pulverized powder
of a raw-material alloy for rare-earth magnets according to
claim 4, wherein the engagement piece provided on the lid
1s disposed on an upper portion of the lid, the engagement
piece provided in the recovery chamber 1s disposed on an
upper portion of the recovery chamber, wherein one of the
engagement pieces has a T-shaped cross section, and the
other engagement piece has a substantially C-shaped cross
section.
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6. The device for recovering hydrogen pulverized powder
of a raw-material alloy for rare-earth magnets according to
claim 1, further comprising conveyer means which conveys
the processing container into the recovery chamber from the
processing chamber, wherein

the turn-over means turns over the processing container

together with the conveyer means.

7. The device for recovering hydrogen pulverized powder
of a raw-material alloy for rare-earth magnets according to
claim 6, wheremn a pair of movement-preventing means
which prevent the processing container from moving at the
time of a turning over operation carried out by the turn-over
means are respectively provided on both sides of the con-
veyer means 1n a conveying direction ol the processing
container, a pair ol separation-preventing means which
prevent the processing container from separating from the
conveyer means at the time of the turning over operation are
respectively provided on both sides of the conveyer means
in a direction intersecting with a conveying-in direction of
the processing container at right angles, and the processing
container 1s held at a predetermined position with respect to
the conveyer means by the pair of movement-preventing
means and the pair of separation-preventing means when the
turning over operation 1s carried out by the turn-over means.

8. The device for recovering hydrogen pulverized powder
of a raw-material alloy for rare-earth magnets according to
claim 7, wherein the conveyer means 1s made up of a
plurality of rollers, and the movement-preventing means are
capable of projecting and retracting toward the processing
container from between the rollers.

9. The device for recovering hydrogen pulverized powder
ol a raw-material alloy for rare-earth magnets according to

claam 7, wherein the separation-preventing means have
L-shaped cross sections, and the separation-preventing
means are disposed such that they are located on upper
portions of flanges provided on an outer periphery of the
processing container in the vicinity of 1ts opening.

10. The device for recovering hydrogen pulverized pow-
der of a raw-material alloy for rare-earth magnets according
to claim 1, wherein

the discharge port includes a valve,

the valve includes an annular expanded member disposed

on an 1nner peripheral surface of a cylindrical member,
and a disk member having a turning shait in a radial
direction of the cylindrical member.
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